Abstract-To estimate the human health risk of heavy metals associated with consumption of vegetables, a total of 566 samples of vegetables were collected from Guilin to analyse heavy metals (As, Cd, Pb, Cu, Zn, and Ni) concentrations and the human risk. The average concentrations of As, Cd, Pb, Cu, Zn, and Ni in vegetables were 0.010, 0.026, 0.049, 0.315, 2.454 and 0.036 μg·g -1 (fw), respectively. The estimated daily intake (EDI) of heavy metals were less than the provisional tolerable daily intakes values (PTDI). Individual metal target hazard quotient (THQ) values and total metal THQ value indicated that it was still safe for the general population of Guilin to consume locally produced vegetables. As, Cd, and Pb were the major components contributing to the potential health risk for local inhabitants via consumption of vegetables.
I. INTRODUCTION
With the rapid growth in industrialization, soil contamination with heavy metals is becoming an important environmental problem on a global scale [1] . Heavy metals present a risk for human health because they are non-degradable pollutants [2] , having a range of effect, such as cardiovascular, nervous, kidney, and bone diseases, especially for young children who are more sensitive to these contaminants than adults. Vegetables are important constituents of human diet across the world, as vegetables are rich sources of vitamins, minerals, and fibers, and also have beneficial antioxidative effects [3] . Therefore, the safety of vegetables is a serious and current concern for government and regulatory bodies for environmental and human risk assessment, especially the consumption of vegetables for Chinese residents is increasing greatly with the food structural adjustment in recent years [4] .The objectives of this study are to (1) investigating the concentrations of heavy metals in vegetable in different districts of Guilin; (2) assessing the health risks associated with these heavy metals via consumption of vegetables to general population by comparing EDI with PTDI recommended by FAO/WHO and using THQ.
II. MATERIALS AND METHODS

A. Sampling and pretreatment
A total of 566 fresh vegetable samples were collected in the thirteen counties of Guilin. Based on the edible part of the plant, samples were classified as leafy vegetables (LV) (62.7%), gourd and fruit vegetables (GFV) (29.2%), and stem and root vegetables (RSV) (8.1%). And 82.3% of vegetable samples were directly taken from farmlands, and others from markets for human consumption. The fresh vegetable samples were collected in clean polyethylene bags in the field, and transported to the laboratory. The vegetable samples then were washed with tap water to eliminate the air-borne pollutants and soil particles, and then rinsed with deionized water, dried with filter papers. The edible parts of each vegetable were weighed to get fresh weight, recording, and then oven dried at 80 to attain ℃ constant weight. Moisture contents was calculated by recoding the fresh and dry weights. The dried samples were crumbled and pulverized with a porcelain pestle and mortar.
B. Digestion and determination
The vegetable samples were digested using the method recommended by USEPA. The concentrations of Cu and Zn were measured using a flame atomic absorption spectrometer (AAS, PE AA-700) and the concentrations of Cd, Pb and Ni were measured using graphite furnaceatomic absorption spectrometry (GF-AAS, PE AA-700). The concentrations of As was measured using hydride generation atomic fluorescence spectroscopy (AFS-9605).
C. Statistical analysis
Statistical analysis was performed by using SPSS 18.0 program. It is necessary to describe the probability distribution characterization of the variables at first. And Statistical tests included ANOVA, t-test and a probability level of P<0.05 was considered statistically significant. The EDI and THQ of heavy metals was calculated based on the reference [5] .
III. RESULT AND DISCUSSION
A. Concentration of heavy metals in vegetables
The result showed that the vegetables concentrations of Zn, Cd and Ni followed a lognormal distribution and Pb, Cu and As followed a Box-Cox normal distribution. The average concentrations and range of heavy metals (mg kg-1, fresh weight) in the vegetables collected from Guilin are shown in Table I . There were 7, 1, 2 and 11 samples below the detection limit of 0.001 mg/kg for As, Ni, Cd and Pb, respectively. According to the GB2762-2005 and Chinese temporary maximum level of Ni [6] , the concentrations of Pb, As, Cd, and Ni in 8.7%, 1.6%, 4.4% and 2.1% of vegetable samples exceeded the maximum level (ML) of the tolerance limit of contaminants in foods from China, respectively. However, Cu and Zn were not regulated in China. Compared with the ML of contaminants set by FAO/WHO [7] and European Communities (EC) [8] , the concentrations of Cu, Zn, and Ni were found to be greatly lower than the ML. 3% of the vegetable samples exceeded the ML for Pb set by FAO and EC, while 9.4% and 6.9% of vegetable samples exceeded the ML of FAO and EC set for Cd, respectively. In this study, 2 stem and root vegetables, 6 LV and 1 fruit vegetable samples exceeded the ML for As set by the FAO. 
B. Health risk of heavy metals from vegetable consumption
The results in this study showed that the EDI of As from consumption of vegetables were 2.68 and 4.03 μg/person/d for adults and children, respectively. According to the reported [9] , we assumed that the percentage of inorganic As in vegetables was 83%. So the EDI of inorganic As was determined to be 0.040 and 0.064 μg/kgbw for adults and children, respectively. In China, a total of 17.8% of the total daily dietary intake of inorganic As comes from vegetable consumption [10] . So we can estimate that the EDI of As from total dietary consumption in Guilin was 0.225 and 0.360 μg/kgbw/d for adults and children, respectively, which were lower than the PTDI established by the FAO/WHO [11] . The EDI was 7.50 and 6.56 μg/person/d for adults and children, respectively. Approximately 32.0% of the total daily dietary intake of Cd comes from vegetable consumption in China [10] . Similarly, the EDI of Cd from total dietary consumption in Guilin was 0.391 and 0.625 μg/kgbw/d for adults and children, respectively, which accounted for 39.1% and 62.5% of the PTDI of this element for adults and children, respectively. In China, approximately 39.6% of the total daily dietary intake of Pb comes from vegetable consumption [12] . For adults and children, the EDI of Pb from vegetable consumption in Guilin was 14.16 and 12.30 μg/person/d, respectively. We can estimate that the EDI of Pb from total dietary consumption in Guilin was 0.596 and 0.952 μg/kgbw/d for adults and children, respectively. Compared with the PTDI of 3.57 μg/kgbw/d was established for Pb [11] , the EDI of Pb from total dietary intake accounted for 16.7% and 26.7% of the PTDI for adults and children, respectively. The EDI of Ni via vegetable consumption in Guilin was found to be 13.38 and 9.08 μg/person/d, representing 0.87% and 1.39% of the RfD of Ni for adult and children, respectively. The EDI of Cu and Zn from vegetable consumption in Guilin were 91.08 and 709 μg/person/d for adults, 79.51 and 615 μg/person/d for children, respectively. According to the reported [13] , we assumed that the EDI of Cu and Zn via vegetable consumption was responsible for 8.4% and 7.8% of the total dietary intake for adults, respectively. Then the EDI of Cu and Zn from the total dietary intake in Guilin were 18.07 and 151.5 μg/kgbw/d for adults, 28.86 and 242.1 μg/kgbw/d for children, respectively.
The THQ values of studied metals were 0.153 and 0.246 for As, 0.120 and 0.192 for Cd, 0.063 and 0.101 for Pb, 0.038 and 0.060 for Zn, 0.036 and 0.058 for Cu, 0.008 and 0.013 for Ni, respectively ( Figure 1) . As shown in Figure 1 , the individual THQ value of each heavy metal for children were higher than that for adults. It shown that the exposure risk of heavy metals to children through vegetable consumption was higher than to adults. The individual THQ of each metal was less than the criteria value of 1, indicating that intake of a single metal through consumption of vegetables did not pose a potential health risk. Health risks to adult and children from As was highest, followed by, in descending order of risk, Cd, Pb, Zn, Cu, and Ni. The total THQ was treated as the mathematical sum of each individual THQ, which have been widely used [14] . The total THQ via consumption of vegetables from Guilin were 0.418 and 0.670 for adults and children, which were lower than 1, indicating that it was still safe for the general population with consumption of vegetables Guilin at present. As, Cd, Pb, Cu, Zn and Ni contributed 36.60%, 28.71%, 15.07%, 8.61%, 9.09% and 1.91% to the total THQ for adults, respectively, and 36.72%, 28.66%, 15.07%, 8.66%, 8.96% and 1.94% for children, respectively. The Pb, As, Cd, and Ni concentration in 8.7%, 1.6%, 4.4% and 2.1% of vegetable samples exceeded the Chinese National Standards. Compared with the ML of contaminants set by FAO/WHO and EC, the concentrations of Cu and Zn levels in all samples were within the ML. The EDI of studied metals through consumption of vegetables for adults and children from Guilin were significantly lower than the PTDI. The individual THQ of each heavy metal and the total THQ via consumption of vegetables for both adults and children from Guilin were lower than 1, indicating the relative absence of health risks associated with consumption of vegetables.
